INTRODUCTION
============

At least six different mismatch repair (MMR) genes \[MLH1 (*MutL homolog 1, 19 exons*), MSH2 (*MutS homolog 2, 16 exons*), MSH6 (*MutS homolog 6*), MLH3 (*MutL homolog 3*), PMS2 *(postmeiotic segregation increased 2)* and MSH3 (MutS homolog 3)\] have been identifed. Their protein products interact to form protein complexes that mediate distinct functions in the repair of insertion/deletion and single-base substitution mismatches \[[@b1-bjmg-14-02-25]\]. The product of MLH1 and PMS2 direct the mismatch recognition complex to repair insertion/deletion loops (IDLs), whereas those of MSH2, MSH6 are directed to single-base mismatches \[[@b1-bjmg-14-02-25]--[@b3-bjmg-14-02-25]\]. The mismatch repair (MMR) system is critical for the maintenance of genomic stability and increase the fidelity of DNA replication by identifying and excising single-base mismatches and IDLs that may arise during DNA replication. Cells that have MMR deficiency may lead to the accumulation of mutations that initiate cancer. The MMR genes are involved in one of the most prevalent cancer syndromes in humans known as hereditary non polyposis colon cancer (HNPCC). Mutations in MLH1 and MSH2 have been found in about 90% of HNPCC cases. Mutations in other MMR genes have been less frequent in HNPCC patients. In many sporadic colon cancers, hypermethylation of the MLH1 gene promoter that results in silencing of its transcription has been observed more frequently than mutations \[[@b4-bjmg-14-02-25]\].

DNA MMR is an evolutionarily conserved postreplicative repair mechanism, which eliminates mistakes in the newly synthesized DNA strand during DNA replication \[[@b5-bjmg-14-02-25]\]. Such biosynthetic mistakes include base/base mismatches and IDLs. The latter mistakes arise during the slippage of the primer against the template strand, especially in repeated sequence motifs like microsatellites. A model for the eukaryotic MMR mechanism is provided by *Saccharomyces cerevisiae*\[[@b6-bjmg-14-02-25]\] where mutations in three genes lead to 100- to 700-fold increases in mutation levels at poly (GT) sequences. The discovery of defects in MMR that co-segregate with certain cancer predisposition syndromes (for example, HNPCC) highlights the essential role of MMR in mutation avoidance. Mismatch repair consists of five major steps: ***1)*** mismatch recognition, ***2)*** assembly of the repair complex, ***3)*** strand discrimination, ***4)*** degradation of the mismatch-containing strand, and ***5)*** resynthesis of the excised strand \[[@b5-bjmg-14-02-25]\]. Depending on the type of mismatch on the newly synthesized DNA strand, either an MSH2-MSH6 (MutSα) or MSH2-MSH3 (MutSβ) dimer recognizes the mismatch. The MSH2-MSH6 complex is involved in the repair of single base pair mismatches, whereas the MSH2-MSH3 complex preferentially targets mismatches from two up to 13 nucleotides \[[@b7-bjmg-14-02-25]\]. The first HNPCC-associated DNA MMR gene, MSH2, was identified by genetic linkage analysis \[[@b8-bjmg-14-02-25]\]. To date, six human MutS homologues and four MutL homologues are known to participate in DNA MMR, but not all are associated with HNPCC predisposition \[[@b9-bjmg-14-02-25]\]. According to recent knowledge, HNPCC predisposition is a consequence of an inherited mutation in one of four MMR genes (MLH1, MSH2, MSH6 and PMS2) resulting in defective DNA MMR. The roles of MLH3, MSH3 and PMS1 in HNPCC predisposition is less clear \[[@b10-bjmg-14-02-25]--[@b12-bjmg-14-02-25]\]. Estimates of the relative proportions of mutations in the different MMR genes vary depending on the country and population \[[@b13-bjmg-14-02-25]--[@b16-bjmg-14-02-25]\]. DNA changes are crucial steps in tumor initiation and progression \[[@b17-bjmg-14-02-25]\]. Next to mutations in oncogenes and tumor suppressor genes, alterations in DNA copy numbers and DNA methylation patterns have been observed as common changes in colorectal and gastric cancer. Copy number changes can lead to increased or decreased gene expression, whereas mutations can have an activating or inactivating effect. Besides these genetic changes, epigenetic changes, such as DNA methylation, may result in altered gene expression levels. Usually, aberrant methylation of normally unmethylated CpG-rich areas, also known as CpG islands, which are located in the promoter regions of genes, have been associated with transcriptional inactivation of important tumor suppressor genes, DNA repair genes or metastasis inhibitor genes \[[@b18-bjmg-14-02-25],[@b19-bjmg-14-02-25]\].

MATERIALS AND METHODS
=====================

Patients and Clinical Data
--------------------------

For this study, samples were retrieved from the Güneş Pathology Laboratory at Alsancak, Izmir, Turkey. Colorectal cancer tissue samples embedded in paraffin were used in our study. Seventy patients comprised our study population, 41 males (58.6%) and 29 females (41.4%). The mean age of the males was 55.02 ± 2.39 and 61.76 ± 12.58 for the females, (*p* = 0.029, \<0.05). According to the age groups, 60\<38 (54.3%) and 60\>32 (45.7%) patients suffered with colorectal cancer. Of the 70 colorectal cancer specimens tested, the mean age of patients with adenocarsinomas was 61.63 ± 11.45 and those with carcinomas was 48.91 ± 11.57. Adenocarcinoma was found in 49 (70.0%) and adenoma in 21 (30.0%) of the total 70 colorectal cancer speciments.

Paraffin-Embedded DNA Extraction
--------------------------------

Slides with a slice of paraffin-embedded tissue (5 × 5 mm, 10 mm thick) were heated for 30 min. at 70°C to melt the paraffin and then placed in fresh Xylol for 5 min. until the paraffin oil was completely dissolved. The slides were then kept for 30 seconds each in 99.96 and 75% ethanol and tap water, and finally placed in 1 M NaSCN at 37°C overnight. They were then washed with TE buffer \[10 mM Tris-HCl (pH 8.5) and 1 mM EDTA\] and air dried; 20--40 μL of Proteinase K solution \[2 mg/ml recombinant Proteinase K (Roche Diagnostic, Mannheim, Germany) in 25 mM Tris-HCl (pH 8.2)\] were then applied to the tissue, which was then transferred to a 1.5 mL tube containing 100 mL Proteinase K solution and incubated overnight at 37°C. After in incubation at 80°C for 20 min., the tubes were centrifuged for 10 min. at 13,000 rpm on an Eppendorf microcentrifuge. Finally, 2 mL of the supernatant was used for each methylation specific-multiplex ligation-dependent probe amplification (MS-MLPA) reaction.

METHYLATION SPECIFIC-MULTI PLEX LIGATION-DEPENDENT PROBE AMPLIFICATION ASSAY
============================================================================

Methylation Analysis
--------------------

The MS-MLPA for methylation status in tumor DNA of MLH1, MSH2, MSH6 promoter regions used the SALSA ME011 kit and protocols provided by the manufacturer (MRC-Holland, Amsterdam, The Netherlands). This ME011-A1 MMR probe mix was developed to detect aberrant CpG islands methylation of six MMR genes and includes five probes for MLH1, three probes MSH2, three probes for MHSH6, three probes for MSH3, one probe for MLH3, three probes for PMS2 and three probes specific for the MGMT promoter region. The MGMT promoter plays a role in removing O(6)-alkylguanine, which is the major mutagenic and carcinogenic lesion induced by alkylating mutagens. The MLH1 gene is located at chromosome 3p22.1, MLH3 at chromosome 14q24.3, MSH2 at 2p21, MSH3 at 05q14.1, MSH6 gene at 2p16, PMS2 at 7p22 and the MGMT gene is located at chromosome 10q26. The kit includes five probe pairs for MLH1 (with the respective *Hha*I sites located at --638, --402, --251/--245, --8 and +220 relative to the initiating ATG; GenBank accession number U26559), three probe pairs for MSH2 (*Hha*I positions at −264, −200 and +133/+148 relative to ATG; Gen-Bank accession number AB006445) and three probe pairs for MSH6 (*Hha*I positions at --293, −100/−143 and −64 relative to ATG; Gen Bank accession number U73732). Normal DNA specimens derived from lymphocytes from healthy controls were included in every assay. For each MLPA reaction, 150 ng of DNA was used.

Approximately 25 ng of genomic DNA in 5 μL of TE buffer \[10 mM Tris-HCl (pH 8.5) and 1 mM EDTA\] was denatured for 10 min. at 98°C. The SAL-SA MLPA buffer (1.5 mL) and MS-MLPA probes (1 fmol each and 1.5 μL vol) were then added, and after incubation for 1 min. at 95°C, were allowed to hybridize to their respective targets for 16 hours at 60°C. The mixture was then diluted at room temperature with H~2~O and 3 μL Ligase buffer A to a final volume of 20 μL and divided equally into two tubes. While at 49°C, a mixture of 0.25 μL Ligase-65 (MRC-Holland), 5 U *Hha*I (Vavantis Technologies, Subang Jaya, Malaysia) and 1.5 μL Ligase buffer B in a total volume of 10 μL was added to one tube. For the second tube, the *Hha*I was replaced by H~2~O. Simultaneous ligation and digestion was performed for 30 min. at 49°C, followed by 5 min. at 98°C. The ligation products were polymerase chain reaction (PCR)-amplified by addition of 5 μL of this ligation mixture to 20 μL PCR mixture containing PCR buffer, dNTPs, SALSA polymerase and PCR primers (one unlabeled and one D4-labeled) at 60°C as described by Schouten *et al.*\[[@b20-bjmg-14-02-25]\]. The obtained PCR products were separated by capillary gel electrophoresis in an ABI 310 Genetic Analyzer Capillary, (Applied Biosystems, Foster City, CA, USA), and analyzed using GeneMapper ID V1.8 Software (Applied Biosystems). Information on both methylation status (10--100% methylated) and copy number (number of methylated alleles) was obtained by comparing results of undigested and *Hha*I-digested samples using the Coffalyser V9.4 Software (MRC-Holland, <http://www.mrc-holland.com/>) \[[@b21-bjmg-14-02-25]\]. All analyses were performed in duplicate.

Methylation Specific-Multiplex Ligation-Dependent Probe Amplification Data Processing
-------------------------------------------------------------------------------------

Data analysis was performed in Excel as described by the manufacturer of the MLPA kits (MRC-Holland) \[[@b21-bjmg-14-02-25]\]. To compensate for differences in PCR efficiency of the individual samples, the fraction of each peak is calculated by dividing the peak value of each probe amplification product by the combined value of the control probes within the sample. For hypermethylation analysis, this 'relative peak value' or so-called 'probe fraction' of the digested sample is divided by the 'relative peak value' of the corresponding undigested sample generating the 'methylation ratio'. From our dilution experiments, it became clear that the ratio indicates the percentage of methylated sequences. Duplicate experiments were performed for methylation analysis and average ratios were calculated. Copy number analysis can be performed using the MLPA results of the undigested samples. After calculation of the 'relative peak value' or so-called 'probe fraction', this is divided by the 'mean probe fraction' of this fragment within the included reference DNAs, generating the 'normalized peak value' or the so-called 'copy number ratio'. According to the Jeuken *et al.*\[[@b22-bjmg-14-02-25]\] MLPA, thresholds to detect gains and losses were set at 1.2 and 0.8, respectively.

Methylation dosage ratio was obtained from the following calculation: Dm = (Px/Pctrl)Dig/(Px/Pctrl) Undig, where Dm is the methylation dosage ratio, Px is the peak area of a given probe, Pctrl is the sum of the peak areas of all control probes, Dig stands for *Hha*I-digested samples, and Undig stands for undigested samples. A dosage ratio of 0.15 or higher, corresponding to 15% of methylated DNA, was interpreted to indicate promoter methylation \[[@b23-bjmg-14-02-25]\].

Statistical Methods
-------------------

All data were recorded by using a standard data form and analyzed by using SPSS 17.0 (SPSS, Inc., Chicago, IL, USA). Quantitative values were compared by using the Student *t*-test for independent groups, and for categorical data, χ^2^ and Student *t* tests were applied. All *p* values of less than 0.05 (*p* = 0.05) were considered to indicate statistical significance.

RESULTS
=======

The methylation status of MS-MLPA probes is calculated by dividing: ***a)*** the intra-normalized ratio of each MS-MLPA probe obtained on the digested sample with ***b)*** the intra-normalized ratio of each MS-MLPA probe obtained on the undigested \[−\] sample. Multiplying this value with 100 gives an estimation of the percentage of methylation. Aberrant methylation can be identified by the appearance of a signal peak after *Hha*I digestion that was absent in the digested \[+\] reference DNA. Rates of methylation of all genes in a sample of each of the numerical values at the average methylation percentages were compared to controls and study groups in [Table 1](#t1-bjmg-14-02-25){ref-type="table"}. This after comparison with a high rate of methylation in genes in the study groups where there was methylation, as is shown in the methylation \[+\] and non methylation \[−\], marked in Supplementary tables S1 and S2, and [Figures 1](#f1-bjmg-14-02-25){ref-type="fig"} and [2](#f2-bjmg-14-02-25){ref-type="fig"}.

The MMR genes methylation ratio was determined in the pathological findings in all cases of subjects with colon cancer in our study (Table S2). According to the results of our study, the highest rate of methylation was in the MLH1 gene 68/70 (97.14%) gene, and the rate was not so high in the MSH2 17/70 (24.28%) gene.

Comparison of the diagnosis is given by gender, age groups and clinopathological characteristics in [Tables 2](#t2-bjmg-14-02-25){ref-type="table"}, [3](#t3-bjmg-14-02-25){ref-type="table"} and [4](#t4-bjmg-14-02-25){ref-type="table"}. Therefore, patients with adenocarcinomas (56.1%) and adenomas (43.9%) were male, while patients with adenocarcinomas (89.7) and adenomas (10.3%) were females; the difference between the two groups was statistically significant (χ^2^ = 9.10, *p* = 0.003\<0.05). Those patients under 60 years of age with adenocarcinomas (60.5%) and adenomas (39.5%), and over 60 years of age with adenocarcinomas (81.3%) and adenomas (18.8%) (χ^2^ = 3.55, *p* = 0.059\>0.05). We obtained the following methylation rates: MLH1 (97.14%), MGMT (82.85%), MSH3 (78.57%), MLH3 (75.71%), MSH6 (67.14%), PMS2 (65.71%), MSH2 (24.28%).

The methylation percentage distribution by sex is given in [Table 5](#t5-bjmg-14-02-25){ref-type="table"}. There was no difference observed between methylation for all genes and the percentages of the gender groups (*p* \>0.05). The high percentage of methylation for PMS2 was 68.3% in males and 62.1% for females. The percentage rate for MSH6 was 61.0% for males and 75.9% for females; MLH1 percentage rate was 90.2% for males and 86.2% for females; MSH2 percentage rate was 22.0% in males and 27.6% for females; MGMT percentage rate was 80.5% for males and 86.2% females; MSH3 percentage rate was 73.2% for males and 86.2% for females, and the MLH3 percentage rate was 70.7% for males and 82.8% for females.

DISCUSSION
==========

The MS-MLPA method for the analysis of the genes study, the tumor tissues isolated from patients with colon cancer genomic DNA. The MMR genes (PMS2, MSH6, MLH1, MSH2, MGMT, MSH3, MLH3) in terms of percentage of methylation and the frequency of methylation in a test of specific molecular investigated by MS-MLPA management. The data obtained was presented according to the criteria evaluated for sex, age and type of case.

According to the relative proportions of defective MMR genes, MLH1, MSH2 and MSH6 are "major" and the remaining MMR genes are "minor" susceptibility genes. MLH1 and MSH2 account for nearly 90% of all mutations, whereas MHS6 mutations occur in 7% of HNPCC families, and the remaining genes are together responsible for under 5% of HNPCC families. In Finland, the MLH1 accounts for more than 90% of Finnish HNPCC families with a known predisposing mutation \[[@b24-bjmg-14-02-25]\]. This may be explained by the predominance of two common founding mutations of MLH1 (a 3.5k b genomic deletion of exon 16 and a splice acceptor site mutation of exon 6), which account for 63% of all mutations detected in Finnish HNPCC kindreds \[[@b25-bjmg-14-02-25],[@b26-bjmg-14-02-25]\].

In general, MMR gene mutations are spread equally over the coding sequences of the three major susceptibility genes and their exonintron boundaries. Of these, five mutation hot-spots were detected in MLH1 exons 1 and 16, MSH2 exons 3 and 12, and MSH6 exon 4 \[[@b12-bjmg-14-02-25]\]. The majority (81%) of inherited MLH3 mutations are clustered in exon 1 \[[@b27-bjmg-14-02-25]\]. Most MLH1 and MSH2 mutations are nonsense (11 and 49%) and frameshift mutations (44 and 19%) that cause the truncation and loss-of-function of the respective protein product. Missense mutations account for 32% of MLH1 and 18% of MSH6 mutations. Often, these mutations, especially missense mutations of MSH6, are associated with small or atypical HNPCC families, sometimes with milder phenotypes, thus their pathogenicity is more difficult to determine \[[@b28-bjmg-14-02-25],[@b29-bjmg-14-02-25]\]. Due to the rarity of mutations in the remaining genes, the analysis of mutation distribution and frequency of different types of mutations remains unknown. We have considered adenoma and adenocarcinoma in patients with colon cancer in two different groups.

A nearly 61.63% rate of methylation of MMR genes is seen to occur in patients with adenocarcinomas and 49.91% in patients with adenomas. Epigenetics provide a new perspective for the early diagnosis, treatment and prognosis of these tumors. Studies indicate that CpG island methylation in the MMR genes are also a mechanism underlying gene inactivation and tumorigenesis \[[@b30-bjmg-14-02-25],[@b31-bjmg-14-02-25]\]. With the development of epigenetics in recent years, DNA methylation has gradually become a new research focus. In the human genome, 5' promoters of 50% of genes contain a CpG region, also known as a CpG island, with a length of \>197 bp. The CpG island is in a non methylation state under normal circumstances. The CpG island methylation may lead to the loss of gene expression and replication errors \[[@b32-bjmg-14-02-25],[@b33-bjmg-14-02-25]\]. The promoter methylation of the hMLH1 gene is the most common in known MMRs genes. The detection rate of the hMLH1 gene promoter methylation in our study was very similar to the reported data \[[@b34-bjmg-14-02-25]\].

Increasing knowledge on the properties of the MMR system and its connections to other biological pathways is essential to better understand the fundamental mechanisms of cancer development and to identify targets for preventive and therapeutic interventions. We think our analyses revealed novel and non random epigenetic patterns that contribute to the understanding of the developmental mechanisms of colon cancers, which is in agreement with what has been previously reported by others \[[@b1-bjmg-14-02-25]\].
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The Supplementary Material referred to in this article can be accessed at <http://www.bjmg.edu.mk/record.asp?recordid=588>
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###### 

Gender, age and diagnosis according to the distribution of the data.

  Parameters                   n    \%      Mean    SS      Student t-Test   p Value
  ---------------------------- ---- ------- ------- ------- ---------------- ---------
  Gender: male                 41   58.60   55.02   12.39                    
  Gender: female               29   41.40   61.76   12.58   −2.33            0.029
  Age: \<60 years              38   54.30   48.16   7.85                     
  Age: \>60 years              32   45.70   69.28   6.51    −12.12           0.000
  Diagnosis: adenocarcinomas   49   70.00   61.63   11.45                    
  Diagnosis: adenoma           21   30.00   48.91   11.56   4.25             0.000

###### 

Genes in the control and study groups as a threshold value determined according to the average methylation rates.

  Gene   Methylation Rate (%)of the Control Group   Methylation Rate (%)of the Study Group
  ------ ------------------------------------------ ----------------------------------------
  PMS2   4.60                                       65.71
  MSH6   12.40                                      67.14
  MLH1   4.20                                       97.14
  MSH2   12.00                                      24.28
  MGMT   8.50                                       82.85
  MSH3   25.50                                      78.57
  MLH3   1.10                                       75.71

###### 

The diagnosis percentages according to gender and age groups of clinopathological characteristics

                         Diagnosis                                                 
  ------------ --------- --------------------------------- ------ ---- ------ ---- -------
  Gender       Males     23                                56.1   18   43.9   41   100.0
               Females   26                                89.7   3    10.3   29   100.0
               Total     49                                70.0   21   30.0   70   100.0
                         χ^2^ = 9.10; *p* = 0.003 \<0.05                           
  Age groups   \<60      23                                60.5   15   39.5   38   100.0
               \>60      26                                81.3   6    18.8   32   100.0
               Total     49                                70.0   21   30.0   70   100.0
                         χ^2^ = 3.55; *p* = 0.059 \>0.05                           

###### 

Diagnosis according to the percentages of methylation.

                  Diagnosis                                                 
  ------ -------- --------------------------------- ------ ---- ------ ---- ------
  PMS2   High     31                                63.3   15   71.4   46   65.7
         Normal   18                                36.7   6    28.6   24   34.3
                  χ^2^ = 0.44; *p* = 0.510 \>0.05                           
  MSH6   High     32                                65.3   15   71.4   37   67.1
         Normal   17                                34.7   6    28.6   23   32.9
                  χ^2^ = 0.45; *p* = 0.617 \>0.05                           
  MLH1   High     44                                89.8   18   85.7   62   88.6
         Normal   5                                 10.2   3    14.3   8    11.4
                  χ^2^ = 0.24; *p* = 0.623 \>0.05                           
  MSH2   High     11                                22.4   6    28.6   17   24.3
         Normal   38                                77.6   15   71.4   53   75.5
                  χ^2^ = 0.24; *p* = 0.623 \>0.05                           
  MGMT   High     41                                83.7   17   81.0   58   82.9
         Normal   8                                 16.3   4    19.0   12   17.1
                  χ^2^ = 0.08; *p* = 0.782 \>0.05                           
  MSH3   High     40                                81.6   15   71.4   55   78.6
         Normal   9                                 1.4    6    28.6   15   21.4
                  χ^2^ = 0.91; *p* = 0.340 \>0.05                           
  MLH3   High     36                                73.5   17   81.0   53   75.7
         Normal   13                                26.5   4    19     17   24.3
                  χ^2^ = 0.45; *p* = 0.503 \>0.05                           

###### 

Percentages of methylation according to gender.

  Genes            Males                             Females   Total                
  ------- -------- --------------------------------- --------- ------- ------- ---- -------
  PMS2    High     28                                68.3      18      62.1    46   65.7
          Normal   13                                31.7      11      37.9    24   34.3
                   χ^2^ = 0.29; *p* = 0.589 \>0.05                                  
  MSH6    High     25                                61.0      22      75.9    47   67.1
          Normal   16                                39.0      7       24.1    23   32.9
                   χ^2^ 1.71; *p* = 0.191 \>0.05                                    
  MLH1    High     37                                90.2      25      86.2    62   88.6
          Normal   4                                 9.8       4       13.8    8    11.4
                   χ^2^ = 0.27; *p* = 0.601 \>0.05                                  
  MSH2    High     9                                 22.0              27.6    17   24.3
          Normal   32                                78.0      21      72.4    53   75.7
                   χ^2^ = 0.29; *p* = 0.588 \>0.05                                  
  MGMT    High     33                                80.5      25      86.2    58   82.9
          Normal   8                                 19.5      4       13.8    12   17.1
                   χ^2^ = 0.39; *p* = 0.532 \>0.05                                  
  MSH3    High     30                                73.2      25      86.2    55   78.6
          Normal   11                                26.8      4       13.8    15   21.4
                   χ^2^ = 1.17; *p* = 0.190 \>0.05                                  
  MLH3    High     29                                70.7      24      82.8    53   75.7
          Normal   12                                29.3      5       17.2    17   24.3
          Total    41                                100\.     29      100.0   70   100.0
                   χ^2^ = 1.34; *p* = 0.284 \>0.05                                  
